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NOMENCLATURE 

Pitch  plane  angular  corrections,  positive 
nose  up,  deg 

Launch  vehicle  angle  of  attack,  deg 

Left  SRB  angle  of  attack,  deg 

External  tank  angle  of  attack,  deg 

Nondimensionalizing  length  used  in  calculation 
of  wing  bending  moment  coefficient,  in.  (see  Fig.  5) 

Launch  vehicle  sideslip  angle,  deg 

Left  SRB  sideslip  angle,  deg 

Right  SRB  sideslip  angle,  deg 

External  tank  sideslip  angle,  deg 

Crossflow  plane  angular  corrections,  positive 
from  right  to  left  looking  upstream,  deg 

Vertical  tail  bending  moment  coefficient, 
moment/Q  (SREp)/ilREF) 

Wing  bending  moment  coefficient,  moment/Q  (S^p)  (b) 

Launch  vehicle  forebody  normal  force  coefficient, 
force/Q(SREp) 

Orbiter  forebody  normal  force  coefficient, 

force/QtSppp) 

Launch  vehicle  measured  normal  force  coefficient, 
force/Q  (Sj^p) 

Left  SRB  forebody  normal  force  coefficient, 
force/Q (Sppp) 

Right  SRB  forebody  normal  force  coefficient, 
force/Q  (S^p) 

External  tank  forebody  normal  force  coefficient, 
force/Q  (S^p) 

Combined  ET  plus  SRB's  forebody  normal  force 
coefficient,  force/Q (Sppp) 

Vertical  tail  side  force  coefficient,  force/Q (S^p) 


CSV 


CYFL 


CYFO 


CYFLS 


CYFRS 


CYFT 


CYFTS 


PART 


Launch  vehicle  forebody  side  force  coefficient, 
force/QtS^p) 

Orbiter  forebody  side  force  coefficient, 
force/Q (Sppp) 

Left  SRB  forebody  side  force  coefficient, 
force/Q (Sppp) 

Right  SRB  forebody  side  force  coefficient, 
force/Q  (S^p) 

External  tank  forebody  side  force  coefficient, 
force/Q (Sppp) 

Combined  ET  plus  SRB  forebody  side  force  coeffi- 
cient, force/Q (Sppp) 

Nondimensionalizing  length  used  in  calculation  of 
wing  torsional  coefficient,  in.  (see  Fig.  5) 

Nondimensionalizing  length  used  in  calculation  of 
moment  coefficients,  in.  (see  Figs.  2 and  5) 

Free- stream  Mach  number 

Moment  reference  center 

Part  number  (a  data  subset  containing  variations 
of  only  one  independent  parameter) 

Radius  on  base  of  external  tank,  in.  (see  Fig.  4c) 

Ratio  of  a station  on  the  body  flap  to  the  body 
flap  chord 

Orbiter  body  station,  in. 

External  tank  body  station,  in. 

Lateral  station  on  the  orbiter  base,  positive 
to  the  right  of  the  vertical  plane  of  symmetry 
looking  upstream,  in. 

Orbiter  waterline,  in. 

Launch  vehicle  angle  of  attack,  deg 

Launch  vehicle  sideslip  angle,  deg 

Launch  vehicle  roll  angle,  positive  right  wing 
down,  deg 
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Radial  angle  on  base  of  the  external  tank,  deg 
(see  Fig.  4c) 

Ratio  of  spanwise  station  on  the  orbiter  body  flap 
to  the  total  span  of  the  body  flap,  positive  from 
left  to  right  looking  upstream 


1.0  INTRODUCTION 


The  work  reported  herein  was  sponsored  by  and  conducted 
for  the  Johnson  Space  Center,  NASA/JSC,  Houston,  Texas,  under 
Program  Element  921E01.  The  work  was  done  at  the  Arnold 
Engineering  Development  Center,  Air  Force  Systems  Command 
(AFSC) , Arnold  Air  Force  Station,  Tennessee  by  ARO,  Inc.,  AEDC 
Division  (a  Sverdrup  Corporation  Company) , contract  operator 
of  the  AEDC.  The  test  was  conducted  in  the  Propulsion  Wind 
Tunnel  Facility  (PWT) , Propulsion  Wind  Tunnel  (16T)  during  the 
period  November  15  and  16,  1978  under  ARO  Project  Number 
P41T-B1. 

The  objectives  of  the  test  were  to  adequately  define 
angular  corrections  in  the  pitch  and  sideslip  planes  at  Mach 
numbers  from  0.60  to  1.55  applicable  to  a 0.02-scale  model  of 
the  NASA  Space  Shuttle  Launch  Vehicle  and  to  provide  a data 
base  throughout  an  a/6  matrix  for  the  determination  of  anqularity 
corrections  to  be  applied  to  previously  obtained  data  . 


The  final  data  from  the  test  have  been  transmitted  to 
Johnson  Space  Center,  Houston,  Texas.  Requests  for  these 
data  should  be  directed  to  Johnson  Space  Center,  EX  33, 
Houston,  Texas  77058.  A copy  of  the  final  data  is  on  file  on 
microfilm  at  AEDC. 


2 . 0  APPARATUS 


2.1  TEST  FACILITY 

The  AEDC  Propulsion  Wind  Tunnel  (16T)  is  a variable 
density,  continuous- flow  tunnel  capable  of  being  operated  at 
Mach  numbers  from  0.2  to  1.6  and  stagnation  pressures  from  120 
to  4000  psfa.  The  maximum  attainable  Mach  number  can  vary 
slightly  depending  upon  the  tunnel  pressure  ratio  requirements 
with  a particular  test  installation.  The  maximum  stagnation 
pressure  attainable  is  a function  of  Mach  number  and  available 
electrical  power.  The  tunnel  stagnation  temperature  can  be 
varied  from  about  80  to  160°F  depending  upon  the  available 
cooling  water  temperature.  The  test  section  is  16  ft  square 
by  40  ft  long  and  is  enclosed  by  60-deg  inclined-hole  perfo- 
rated walls  of  six-percent  porosity.  The  general  arrangement 
of  the  test  section  with  the  test  article  installed  is  shown 
in  Fig.  1.  Additional  information  about  the  tunnel,  its 
capabilities  and  operating  characteristics  is  presented  in 
Ref.  1. 


2.2  TEST  ARTICLE 


The  test  article  was  a scaled  replica  of  the  Rockwell 
International  Space  Shuttle  Vehicle  in  its  launch  configura- 
tion. The  launch  configuration  consisted  of  the  orbiter,  an 
expendable  external  oxygen/hydrogen  fuel  tank  (ET) , and  two 
expendable  Solid  Rocket  Boosters  (SRB's). 

The  orbiter  has  a blended  wing  body  with  a double  delta 
planform  (81  deg/45  deg)  with  full  span  elevons.  The  single, 
45-deg  swept  vertical  stabilizer  had  rudder  deflection 
capability  but  was  maintained  at  0 deg  throughout  the  tests. 

The  single,  aft  body  flap  was  present  but  was  not  deflected 
during  the  tests. 

The  external  fuel  tank  was  cylindrical  in  cross  section 
having  a tangent  ogive  forebody  terminating  in  a biconic 
nose  cap.  The  aft  end  of  the  ET  was  basically  an  ellipsoid 
of  revolution. 

The  Solid  Rocket  Boosters  (SRB)  were  attached  to  the  ET 
by  forward  and  aft  attach  lugs  and  were  in  the  centerline 
horizontal  plane  of  the  ET.  The  SRB's  were  cylindrical  in 
cross  section  and  had  an  18-deg  semi-angle  forebody  which 
terminated  in  a spherical  tip. 

Dimensions  of  the  primary  model  components  are  given 
in  Fig.  2 and  more  detailed  descriptions  and  drawings  of  the 
model  may  be  found  in  Ref.  2. 

2.3  SUPPORT  SYSTEM 

The  Tunnel  16T  standard  sting  support  system  which  is 
shown  in  Fig.  1 and  described  in  Ref.  1 was  used  to  support 
and  position  the  model  in  the  test  section  during  the  test 
entry.  The  system  utilized  computer  control  to  position  the 
model  at  angles  of  attack  and  sideslip  through  combinations  of 
pitch  and  roll  angles.  The  support  system  is  advantageous  in 
that  the  model  can  be  maintained  close  to  the  tunnel  centerline 
where  flow  angularity  is  a minimum.  A photograph  of  the  model 
installed  in  the  tunnel  is  presented  in  Fig.  3. 

2.4  INSTRUMENTATION 

The  model  was  instrumented  with  strain-gage  balances 
to  measure  individual  and  combined  model  component  forces  and 
moments  utilizing  the  following  balances: 
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Balance 

Location 

Type 

Measured  Forces  and  Moments 

Orbiter 

6 -component 

Launch  vehicle  normal,  side,  and 
axial  force;  pitching,  yawing, 
and  rolling  moment 

External 

Tank 

6 -component 

Combined  external  tank  plus 
solid  rocket  boosters  normal, 
side,  and  axial  force;  pitching, 
yawing,  and  rolling  moment 

Left  & Right 
Hand  Solid 
Rocket  Booster 
(each) 

6 -component 

Solid  rocket  booster  normal, 
side,  and  axial  force;  pitch- 
ing, yawing,  and  rolling 
moment 

Left  Hand 

Wing 

3-component 

Wing  normal  force,  bending 
moment,  and  torsional  moment 

Vertical 

Stabilizer 

3-component 

Vertical  stabilizer  side  force, 
bending  moment  and  torsional 
moment 

Right  Hand 
Inboard 

Elevon 

1-component 

Elevon  hinge  moment 

Right  Hand 
Outboard 

Elevon 

1-component 

Elevon  hinge  moment 

Forces  and  moments  acting  on  the  external  tank  alone  were 
calculated  by  subtracting  the  summation  of  the  forces  and  mo- 
ments measured  by  the  balances  located  in  the  solid  rocket 
boosters  from  that  measured  by  the  balance  located  in  the 
external  tank.  Similarly,  orbiter  forces  and  moments  were 
calculated  by  subtracting  those  measured  by  the  external  tank 
balance  (ET  plus  both  SRB's),  from  those  measured  by  the 
balance  located  in  the  orbiter  (total  launch  vehicle  loads) . 

Model  pressures  were  measured  by  twelve  individual  pres- 
sure transducers  located  in  the  orbiter  and  external  tank. 

In  order  to  provide  a good  description  of  the  pressure  acting 
on  the  bases  of  the  various  model  components,  multiple  pres- 
sure orifices  were,  in  some  instances,  manifolded  to  a single 
transducer.  The  locations  of  these  orifices  and  the  pressure 
identifications  are  shown  in  Fig.  4,  and  are  summarized  as 
follows : 
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Orifice 

Location 

Number  of 
Manifold  Pressures 

Number  of 

Measured  Pressures 

Orbiter  base 

9 

3 

Orbiter  body  flap 

9 

2 

External  tank  base 

45 

5 

Left  hand  SRB  base 

5 

1 

Right  hand  SRB  base 

5 

1 

Sting  pitch  and  roll  angles  were  determined  from  the 
outputs  of  synchro-transmitters  and  a strain  gaged,  pendulum 
type  angle  of  attack  indicator  was  mounted  in  the  external 
tank  as  a redundant  pitch  anqle  indicator.  The  electrical 

signals  from  all  position  indicating  devices,  strain-gage 
balances,  and  pressure  transducers  were  digitized  for  on-line 
data  reduction  and  tabulation. 

3.0  TEST  DESCRIPTION 

3.1  PROCEDURE 

During  testing  the  desired  tunnel  conditions  were  estab-  • 

lished  and  maintained.  In  the  portion  of  the  tests  devoted 
to  the  determination  of  angle  corrections,  model  angle  of 
attack  was  varied  at  a nominal  zero  sideslip  angle  (4>  = 0 and 
180  deg) , or  model  sideslip  angle  was  varied  at  a nominal  angle 
of  attack  of  zero  deg  (4>  = 90  and  -90  deg)  . During  testing  of 
the  a/8  matrix,  orbiter  sideslip  was  varied  from  -6  to  6 deg 
at  nominal  constant  angles  of  attack  of  -8  to  4 deg.  Repeat 
runs,  usually  widely  separated  in  time,  were  made  to  document 
data  repeatability.  The  effects  of  load  hysteresis  in  the 
pitch  plane  was  investigated  by  pitching  the  model  in  a posi- 
tive direction,  then  reversing  the  direction  and  pitching  from 
the  maximum  positive  angle  of  attack  to  the  most  negative  angle 
of  attack;  acquiring  data  in  approximate  2-deg  increments.  These 
tests  may  be  identified  in  the  Summary  of  Test  Conditions  by 
referring  to  the  Model  Attitude  Schedules.  All  data  were 
obtained  at  a unit  Reynolds  number  of  3.0  x 10^  per  foot. 

3.2  DATA  REDUCTION 

All  measured  pressures  were  converted  into  coefficient  form. 

Those  located  on  the  orbiter  base  and  orbiter  body  flap  were 
used  to  correct  measured  normal  force,  axial  force, and  pitching 
moment  for  base  pressure  force.  Pressures  measured  on  the 
external  tank  base  were  used  to  correct  measured  axial  force 
on  that  model  component  and  pressures  measured  on  the  bases  of 
the  solid  rocket  boosters  were  used  to  correct  both  measured 
axial  force  and  yawing  moment  on  those  model  components. 


Force  and  moment  coefficient  data  were  computed  in  the 
body  axis  coordinate  system  from  the  balances  located  in  the 
orbiter,  external  tank,  and  both  solid  rocket  boosters  using 
the  projection  of  the  orbiter  nose  on  the  external  tank 
longitudinal  centerline  as  the  moment  reference  point  location. 
Forces  and  moments  from  the  wing,  vertical  stabilizer,  and 
elevons  were  computed  about  moment  reference  points  unique  to 
the  individual  model  components.  The  location  of  the  moment 
reference  points  and  directions  of  positive  forces  and  moments 
are  shown  in  Figs.  2 and  5. 

In  the  determination  of  angular  corrections  to  apply  to 
the  data,  many  sources  of  information  were  available  for 
analysis  and  consideration.  Essentially  all  force  components 
were  considered  as  were  several  of  the  moment  coefficients. 
Values  of  angular  corrections  in  the  pitch  plane  were  extracted 
from  the  data  by  evaluation  of  normal  force  or  bending  moment 
coefficients  obtained  during  pitch  polars  conducted  at  roll 
angles  of  0 and  180  deg,  and  evaluation  of  side  force  or  bend- 
ing moment  coefficients  obtained  during  sideslip  polars  con- 
ducted at  roll  angles  of  -90  and  90  deg.  In  all  instances, 
the  coefficients  were  plotted  against  their  respective  model 
component  angles  of  attack  or  sideslip  for  the  evaluation. 

The  listing  below  identifies  the  coefficients  which  were  con- 
sidered for  the  determination  of  pitch  plane  angular  correc- 
tions, those  that  were  actually  utilized,  and  those  that  were 
eliminated  from  consideration: 


Coefficient 

<f> 

Mach  Number 

0.60 

0.90 

1.10 

1.25 

1.55 

CNFL 

o,: 

L80 

U 

U 

U 

U 

U 

CNFO 

U 

U 

U 

u 

U 

CNFTS 

U 

U 

U 

U 

U 

CNFT 

D 

D 

D 

D 

D 

CNFLS 

D 

D 

D 

D 

D 

CNFRS 

D 

D 

D 

D 

D 

CNL 

D 

D 

D 

D 

D 

CBW 

U 

U 

U 

U 

U 

CYFL 

-90 

90 

U 

U 

U 

U 

- 

CYFO 

U 

U 

U 

U 

- 

CYFTS 

U 

U 

U 

U 

- 

CYFT 

D 

D 

D 

D 

- 

CYFLS 

D 

D 

D 

D 

- 

CYFRS 

D 

D 

D 

D 

- 

CSV 

U 

U 

U 

U 

- 

CBV 

D 

D 

D 

D 

— 

U = Utilized 


D 


Discarded 


The  external  tank  alone  data  and  individual  solid  rocket 
booster  data  were  eliminated  from  consideration  because  of  the 
essentially  articulating  capability  of  the  major  model  com- 
ponents relative  to  either  their  immediately  adjacent  model 
component  or  to  the  launch  vehicle  angle  of  attack  or  sideslip. 
As  was  mentioned  in  Section  2.4,  each  major  model  component 
(Orbiter,  ET,  and  both  SRB's)  was  mounted  on,  or  suspended  by, 
a 6-component  balance.  Of  necessity,  this  type  of  model  con- 
struction permitted  each  model  component  to  pitch  and  yaw 
relative  to  its  supporting  or  ground  structure.  This  relative 
angular  deflection  phenomenon  is  shown  in  Fig.  6 for  pitch 
polars  conducted  at  roll  angles  of  0 and  180  deg,  and  side- 
slip polars  conducted  at  roll  angles  of  -90  and  90  deg. 

Included  in  these  plots  are  angular  differences  determined 
under  air-off  conditions  (Mm  = 0.0).  These  angular  differences 
were  caused  by  balance  deflections  resulting  from  the  model 
component  weight  and  the  weight  distribution  whereas  those 
calculated  from  air-on  conditions  were  the  result  of  the  same 
weight  effects  combined  with  aerodynamic  loading.  In  general, 
tests  conducted  at  0 and  180  deg  roll  produced  relative 
angular  differences  between  either  the  ET  and  the  Orbiter  or 
the  left  SRB  and  the  Orbiter  of  0.25  to  0.30  deg  at  all  Mach 
numbers.  Right  SRB  data  are  not  shown  because  of  similarity 
to  the  left  SRB  results. 

Figures  6c  through  6e  show  angular  differences  determined 
between  the  ET  and  Orbiter,  left  SRB  and  Orbiter,  and  right  SRB 
and  Orbiter  during  sideslip  polars  conducted  at  4>  = -90  deg  and 
90  deg.  These  data  show  that  only  the  ET  retained  the  same 
position  relative  to  the  Orbiter  at  test  Mach  numbers  that 
it  assumed  at  Mm  = 0.0.  The  positive  8 deflections  relative 
to  its  static  orientation  indicated  for  the  left  SRB  and  the 
negative  6 deflections  noted  for  the  right  SRB  relative  to  its 
static  orientation  are  reflective  of  the  calculated  SRB  side 
forces  which  tended  to  force  the  SRB's  away  from  the  ET. 

Since  the  prime  requirement  for  a flow  angularity  probe, 
i.e.,  geometrical  constancy  at  all  roll  angles,  was  violated 
by  various  components  of  the  total  launch  vehicle  model,  the 
possibility  exists  that  the  coefficient  differences  utilized 
in  the  determination  of  angular  corrections  contain  not  only 
the  effects  of  true  tunnel  flow  angularity,  but  mutual  inter- 
ference effects  and  the  effects  of  geometrical  differences  as 
well.  It  was  therefore  deemed  appropriate  to  identify  AFA  and 
BFA  only  as  pitch  plane  and  sideslip  plane  angular  corrections 
rather  than  by  the  more  restrictive  and  definitive  term  "flow 
angularity. " 
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Wing  normal  force  data  were  discarded  because  of  the 
apparent  relatively  large  zero  shifts  which  were  indicated 
following  tunnel  shutdowns,  and  a relatively  large  normal  force 
imprecision  noted  during  the  laboratory  calibration  of  the 
balance  and  verified  during  in- tunnel  check  loadings.  Wing 
bending  coefficients  were  utilized,  however,  because  of  an 
acceptably  high  degree  of  precision  in  that  component. 

The  values  of  AFA  that  were  deemed  acceptable  are  shown  in 
Fig.  7a.  These  values  were  used  in  a computer  curve  fit 
routine  and  the  resultant  polynomials  were  evaluated  both 
graphically  and  mathematically  using  the  criteria  of  minimum 
residuals.  The  selected  corrections  are  shown  in  Fig.  7b 
along  with  the  angular  corrections  determined  during  earlier 
tests  of  a 0.03-scale  model  of  the  Space  Shuttle  Launch 
Vehicle  (Ref.  3) . 

The  coefficients  analyzed  for  determination  of  cross 
flow  angular  corrections,  BFA,  are  listed  in  the  table  below 
and  are  identified  according  to  their  usage: 


U * Utilized  D = Discarded 


As  indicated  above,  more  coefficients  were  discarded  from 
consideration  for  cross  flow  angular  corrections  than  were 
utilized.  At  model  roll  angles  of  0 and  180  deg,  data  from  the 
ET  alone,  as  well  as  data  from  the  left  and  right  hand  SRB's 


were  discarded  because  of  possible  shielding  effects  from  the 
adjacent  ET  or  SRB's.  The  combined  ET  and  SRB  side  force 
loading  was  utilized  as  were  data  from  the  total  launch  vehicle 
and  orbiter  alone  because  these  loads  were  measured  either  on 
individual  or  combined  model  components  having  no  adjacent 
model  components  which  could  shield  them  from  possible  cross- 
flow.  At  model  roll  angles  of  -90  and  90  deg  only  total  launch 
vehicle  normal  force  coefficients  and  wing  bending  coefficients 
were  utilized  because  at  90-deg  roll  angle,  the  orbiter  would 
shield  a portion  of  the  ET  and  SRB's  from  any  flow  component 
coming  from  right  to  left.  The  same  shielding  effect  would 
occur  at  4>  = -90  deg  if  the  crossflow  components  were  directed 
from  left  to  right. 

Values  of  the  acceptable  coefficients  utilized  in  the 
determination  of  the  crossflow  angular  correction  BFA  are 
shown  in  Fig.  8a  and  the  selected  corrections  along  with  those 
reported  in  Ref.  3 are  shown  in  Fig.  8b. 

The  selected  AFA  (Fig.  7b)  and  BFA  (Fig.  8b)  angular 
corrections  were  vectorially  added  to  the  uncorrected  model 
attitudes  for  all  major  model  components  during  a post  test 
data  reduction. 

3 . 3 UNCERTAINTY  OF  MEASUREMENTS 

Uncertainties  (bands  which  include  95  percent  of  the 
calibration  data)  of  the  basic  tunnel  parameters,  shown  in 
Fig.  10,  were  estimated  from  repeat  calibrations  of  the 
instrumentation  and  from  the  repeatability  and  uniformity  of 
the  test  section  flow  during  tunnel  calibration.  Additional 
information  concerning  the  uncertainties  in  the  free-stream 
properties  is  discussed  in  Refs.  4 and  5.  Uncertainties  in 
the  instrumentation  systems  were  estimated  from  repeat  cali- 
brations of  the  systems  against  secondary  standards  whose 
uncertainties  are  traceable  to  the  National  Bureau  of 
Standards  calibration  equipment.  The  instrument  uncertainties 
are  combined  using  the  Taylor  series  method  of  error  propaga- 
tion described  in  Ref,  6 to  determine  the  uncertainties  of 
the  reduced  parameters  shown  below: 


Type  Load 

Moo 

ACNF 

ACY 

ACAF 

ACMF 

ACLL 

ACLN 

Launch 

0.60 

±0.0053 

±0.0081 

±0.0022 

±0.0038 

±0.0005 

±0.0055 

Vehicle 

0.90 

±0.0039 

±0.0060 

±0.0016 

±0.0028 

±0.0004 

±0.0041 

1.25 

±0.0032 

±0.0050 

±0.0010 

+0.0023 

±0.0003 

±0.0034 

Orbiter 

0.60 

±0.0056 

±0.0081 

±0.0026 

±0.0038 

±0.0005 

±0.0055 

0.90 

±0.0042 

±0.0060 

±0.0020 

±0.0028 

±0.0004 

±0.0041 

1.25 

±0.0034 

±0.0051 

±0.0011 

±0.0023 

±0.0003 

±0.0034 

ET  plus 

0.60 

±0.0019 

±0.0009 

±0.0015 

±0.0006 

±0.0002 

±0.0002 

SRB's 

0.90 

±0.0014 

±0.0007 

±0.0011 

±0.0004 

±0.0002 

±0.0002 

1.25 

±0.0012 

±0.0005 

±0.0006 

±0.0003 

±0.0001 

±0.0001 

ET 

0.60 

±0.0024 

±0.0013 

±0.0018 

±0.0012 

±0.0004 

±0.0004 

0.90 

±0.0018 

±0.t)009 

±0.0013 

±0.0008 

±0.0003 

±0.0003 

1.25 

±0.0015 

±0.0007 

±0.0008 

±0.0007 

±0.0003 

±0.0003 

Left  Hand 

0.60 

±0.0010 

±0.0007 

±0.0007 

±0.0007 

±0.0003 

±0.0005 

SRB 

0.90 

±0.0008 

±0.0005 

±0.0005 

±0.0005 

±0.0002 

±0.0004 

1.25 

±0.0006 

±0.0004 

±0.0004 

±0.0004 

±0.0002 

±0.0003 

Right  Hand 

0.60 

±0.0011 

±0.0005 

±0.0007 

±0.0007 

±0.0003 

±0.0004 

SRB 

0.90 

±0.0008 

±0.0004 

±0.0005 

±0.0005 

±0.0002 

±0.0003 

1.25 

±0.0007 

±0.0003 

±0.0004 

±0.0005 

±0.0002 

±0.0002 

Type  Load 

Mo 

ACSV 

ACBV 

ACTV 

Vertical 

0.60 

±0.0030 

±0.0026 

±0.0013 

Tail 

0.90 

±0.0021 

±0.0018 

±0.0009 

1.25 

±0.0017 

±0.0015 

±0.0008 

Type  Load 

Me 

ACNW 

ACBW 

ACTW 

Wing 

0.60 

±0.0072 

±0. 0005 

±0.0073 

0.90 

±0.0054 

±0.0004 

±0.0054 

1.25 

±0.0045 

±0.0003 

±0.0046 

Type  Load 

Moo 

ACHEI 

ACHEO 

Inboard  and 

0.60 

±0.0025 

±0.0025 

Outboard 

0.90 

±0.0019 

±0.0019 

Elevans 

1.25 

±0.0016 

±0.0016 

As  was  mentioned  in  Section  3.2,  wing  normal  force 
measurements  were  deemed  to  be  unsatisfactory  for  use  in  the 
determination  of  angular  corrections  because  of  unacceptably 
large  errors  in  the  calculation  of  that  component.  The 
laboratory  calibration  results  indicated  an  uncertainty  in 
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normal  force  of  ±12.7  pounds  when  loaded  on  the  axis  of  the 
balance  and  13  pounds  when  loaded  fore  or  aft  (torsion  loading) 
of  the  balance  axis.  The  in-tunnel  check  loading  also  con- 
stituted an  abbreviated  calibration  which  was  conducted  at  5 
load  application  points  in  both  the  positive  and  negative 
normal  force  direction.  The  results  of  these  loadings  pro- 
duced maximum  errors  somewhat  in  excess  of  the  uncertainty 
determined  during  the  laboratory  calibration. 

The  construction  of  the  wing  balance  was  a major  contri- 
butor to  the  errors  associated  with  the  measurement  of  normal 
force.  The  balance  was  basically  a short,  thick,  tang 
cantilevered  from  the  left  side  of  the  fuselage.  Because  of 
the  short  span  of  the  balance,  the  strain  gages  used  to  measure 
wing  bending  moment  were  spaced  only  0.5532-in.  apart  (labora- 
tory determination)  in  the  spanwise  direction.  This  distance 
was  used  in  the  equation  to  calculate  force  from  two  moment 
measurements ; 


Force  = ( Moment inboard  - Momentoutboard) /d , where  d 

is  the  aforementioned  distance  between  the  moment  gages.  Thus, 
it  may  be  seen  that  an  error  on  only  6 in. -lb  in  moment  is 
converted  into  an  error  of  10.8-lb  normal  force.  A much 
larger  separation  of  the  moment  gages  would  obviously  have  been 
advantageous . 

Several  approaches  were  investigated  in  an  attempt  to 
improve  upon  the  measurement  of  wing  normal  force:  (1)  all 
of  the  normal  force  errors  were  used  in  a curve  fit  routine 
as  a function  of  the  calculated  (but  erroneous)  normal  force; 
not  considering  whether  the  applied  loads  were  increasing  or 
decreasing,  (2)  normal  force  errors  as  a function  of  increasing 
or  decreasing  calculated  bending  moment,  and  (3)  normal  force 
errors  as  a function  of  decreasing  calculated  normal  force  and 
a second  function  of  increasing  calculated  normal  force.  The 
latter  approach  produced  the  most  satisfactory  results  with 
the  correction  functions  as  follows: 

Increasing  Wing  Normal  Force 


FNWing 

+ 


^Calculated 

1.0203-04 

(FNCalc 

1.1383-08 

(pNCalc 

.1749  + 1.0174-01  (FNcalc) 
)2  - 1.1805-06  (FNcalc)3 


Decreasing  Wing  Normal  Force 


F%ing  * ^Calculated  * t'1'1917  + i’1508'01  <FNCalc> 

+ 9.2311-05  (FNcalc)2  - 1.5233-05  (BHCalo)3 

- 5.3816-09  (FNcalo)4] 

The  ability  of  the  above  polynomials  to  fit  the  normal 
force  errors  determined  during  the  in-tunnel  calibration  are 
shown  in  Fig.  10  over  the  calculated  normal  force  range 
encountered  in  the  test.  Using  the  equations  above,  the  error 
calculated  by  the  polynomials  was  subtracted  from  the  cal- 
culated normal  force  to  produce  a much  closer  relationship  to 
true  normal  force.  As  illustrated  in  Fig.  10a  for  increasing 
wing  normal  force,  a maximum  error  of  ±3.0  lb  could  still 
remain  in  the  data  for  negative  loads,  and  as  shown  in  Fig. 

10b,  a maximum  error  of  +2.4  lb  could  still  be  encountered  at 
maximum  positive  force  for  polars  conducted  where  normal  force 
was  decreasing. 

In  addition  to  the  aforementioned  correction  functions, 
the  outputs  from  the  wing  bending  moment  gages  (from  which 
normal  force  was  calculated)  were  corrected  for  zero  shifts 
which  occurred  during  air-on  testing  periods  by  using  the  post- 
run zeroes  to  compute  the  previously  obtained  data.  The 
uncertainties  in  the  wing  coefficients  contain  the  effect  of 
the  correction  functions  but  make  no  accounting  for  the  effects 
of  the  zero  shifts  or  the  recomputation  which  corrected  for 
zero  shifts. 

The  uncertainties  in  model  angle  of  attack  and  sideslip 
resulting  from  uncertainties  in  sting  pitch,  sting  roll,  and 
sting/balance  deflections  were  estimated  to  be  ±0.10  deg.  The 
uncertainty  in  the  determination  of  the  angular  corrections 
was  estimated  to  be  ±0.10  deg.  In  combined  form,  the  final 
uncertainties  in  model  angle  of  attack  and  sideslip  are  esti- 
mated to  be  ±0.14  deg. 


4.0  DATA  PACKAGE  PRESENTATION 

A summary  of  test  conditions  is  presented  in  Table  1 
correlating  the  type  of  data  acquired  with  test  Part  number, 
Mach  number,  Reynolds  number,  and  model  attitude  schedule. 

A sample  of  the  tabulated  data  is  shown  in  Table  2.  The 
nomenclature  associated  with  the  tabulation  is  given  in 
Table  3. 
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A copy  of  all  data,  either  in  tabular  form  or  as  a micro- 
film record,  and  including  both  corrected  (flow  angularity  corrections 
included),  and  uncorrected  model  attitudes,  was  transmitted 
to  the  following  organizations:  (1)  Rockwell  International 
Space  Division,  Downey,  California,  (2)  NASA-Johnson  Space 
Center,  Houston,  Texas,  and  (3)  Marshall  Space  Flight  Center, 
Huntsville,  Alabama.  Magnetic  tapes  containing  all  data  were 
transmitted  to  Chrysler  Michoud  Defense  Space  Division,  New 
Orleans,  Louisiana. 
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Figure  3.  Model  Installation  in  the  16T  Test  Section 
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Figure  6.  Continued 
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Figure  7.  Pitch  Plane  Angular  Corrections 
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Figure  8.  Sideslip  Plane  Angular  Corrections 
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Table  3.  Data  Tabulation  Nomenclature 


CPR 

DATE 

DAY 

DELP 

DP 

H 

HR 

M 

MIN 

MODE 

P 

PART 

POINT 

PROC  DATE 

PROJECT 

PT 

PTE 

PTI 

Q 

RexlO-6 

SEC 

SET 


Tunnel  Parameters 

Compressor  pressure  ratio 

Date  of  data  processing 

Day  (of  year)  of  data  acquisition 

Primary  input  deletion  and  selection  code 

Differential  pressure,  (PT-.'C)  , psf 

Pressure  altitude,  ft 

Hour  of  data  acquisition 

Free-stream  Mach  number 

Minute  of  data  acquisition 

Data  acquisition  mode 

Free-stream  static  pressure,  psfa 

Part  number  (a  data  subset  containing  variations 
of  only  one  independent  parameter) 

Point  number  (a  single  record  of  all  test 
parameters) 

Date  of  data  processing 
AEDC  project  number 
Free-stream  total  pressure,  psfa 
Compressor  exit  pressure,  psfa 
Compressor  inlet  pressure,  psfa 
Free-stream  dynamic  pressure,  psf 
Free-stream  unit  Reynolds  number,  per  foot 
Second  of  data  acquisition 
Constant  set  used 


Table  3.  Continued 


SKXiO+3 

TEST 

TPR 

TT 

TTR 

WA 

WINDOFF 


Tunnel  specific  humidity,  lb/lb 
PWT  test  number 
Tunnel  pressure  ratio 

Free-stream  stagnation  temperature,  °F 
Free-stream  stagnation  temperature,  °R 
Test  section  wall  angle,  deg 
Wind-off  part  and  point  number 


Test  Parameters 


AFA 


Trigonometric  function  used  in  determining 
model  static  tares 

Angularity  correction  in  the  tunnel  pitch 
plane,  positive  up,  deg 


The  following  angles  are  identified  by  Line  as  uncorrected 
model  angles  (without  angularity  correction)  and  as  corrected 
model  angles  (angularity  correction  included) . 


ALFAL 

ALFALS 

ALFARS 

ALFAT 

BETAL 

BETALS 

BETARS 

BETAT 

ALFC 

ALFI 

ATD 


Launch  vehicle  angle  of  attack,  deg 

Left  SRB  angle  of  attack,  deg 

Right  SRB  angle  of  attack,  deg 

External  tank  angle  of  attack,  deg 

Launch  vehicle  sideslip  angle,  deg 

Left  SRB  sideslip  angle,  deg 

Right  SRB  sideslip  angle,  deg 

External  tank  sideslip  angle,  deg 

Effective  sting  pitch  angle,  deg 

Indicated  sting  pitch  angle,  deg 

ET  angle  of  attack  as  measured  by  a strain 
gage  pendulum,  deg 


Table  3.  Continued 


B 

Trigonometric  function  used  in  calculation  of 
model  static  tares 

BFA 

Angularity  correction  in  the  tunnel  cross  flow 
plane,  positive  from  right  to  left  looking 
upstream,  deg 

C 

Trigonometric  function  used  in  calculation  of 
model  static  tares 

CP302-CP2218 

(not  inclusive)  Base  pressure  coefficients 
determined  from  pressures  measured  on  model 
components , Pn-P/q 

DALFL 

Launch  vehicle  sting  and  balance  deflection  in 
the  pitch  plane,  deg 

DALFLS 

Left  SRB  balance  deflection  in  the  pitch  plane, 
deg 

DALFRS 

Right  SRB  balance  deflection  in  the  pitch  plane 
deg 

DALFT 

ET  balance  deflection  in  the  pitch  plane,  deg 

DELEIL 

Left  hand  inboard  elevon  nominal  deflection 
angle,  deg 

DELEINLR 

Right  hand  inboard  elevon  deflection  angle  in 
an  unloaded  condition,  deg 

DELE I R 

Right  hand  inboard  elevon  deflection  angle 
including  deflections  resulting  from  aero  load- 
ing, deg 

DELEOL 

Left  hand  outboard  elevon  nominal  deflection 
angle,  deg 

DELEONLR 

Right  hand  outboard  elevon  deflection  angle  in 
an  unloaded  condition,  deg 

DELEOR 

Right  hand  outboard  elevon  nominal  deflection 
angle,  deg 

DPHIL 

Roll  deflection  of  the  launch  vehicle  sting  and 
balance,  deg 

DPHILS 

Roll  deflection  of  the  left  SRB  balance,  deg 

DPHIRS 

Roll  deflection  of  the  right  SRB  balance,  deg 

DPHIT 

Roll  deflection  of  the  ET  balance,  deg 
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Table  3.  Continued 


DPSIL 

DPSILS 

DPSIRS 

DPSIT 

ELEVI 

ELEVO 

ETANK 

ORBIT 

SRBL 

SRBR 

VERT 

WING 

FA 

FAG 

FAST 

FN 

FNG 

FNST 

FY 

FYG 

FYST 

GAGE  TOTAL 
LOAD 


Yaw  deflection  of  the  launch  vehicle  sting 
and  balance,  deg 

Yaw  deflection  of  the  left  SRB  balance,  deg 
Yaw  deflection  of  the  right  SRB  balance,  deg 
Yaw  deflection  of  the  ET  balance,  deg 

Balance  Identification 

Inboard  elevon  hinge  moment  balance 

Outboard  elevon  hinge  moment  balance 

External  tank  balance  measuring  combined  loads 
of  ET  and  SRB' s 

Orbiter  balance  measuring  total  launch  vehicle 
loads 

Left  solid  rocket  booster  balance 

Right  solid  rocket  booster  balance 

Vertical  tail  balance 

Left  hand  wing  balance 

Model  aerodynamic  axial  force,  lb 

Total  axial  force  on  balance  (including  static 
tare  force) , lb 

Axial  force  static  tare,  lb 

Model  aerodynamic  normal  force,  lb 

Total  normal  force  on  balance  (including  static 
tare  force),  lb 

Normal  force  static  tare,  lb 

Model  aerodynamic  side  force,  lb 

Total  side  force  on  balance  (including  static 
tare  force) , lb 

Side  force  static  tare,  lb 

Balance  gage  total  loads,  lb  or  in. -lb 


Table  3.  Continued 


GAGE  VOLTAGE  Balance  gage  total  loads,  volts 

ML  Model  aerodynamic  rolling  moment  about  the  model 

reference  point,  in. -lb 

MLG  Total  rolling  moment  measured  by  balance  (includ- 

ing static  tare  loads) , in. -lb 

MLST  Rolling  moment  static  tare,  in. -lb 

MM  Model  aerodynamic  pitching  moment  about  the 

model  reference  point,  in. -lb 

MMG  Total  pitching  moment  measured  by  balance 

(including  static  tare  loads) , in. -lb 

MMST  Pitching  moment  static  tare,  in. -lb 

MN  Model  aerodynamic  yawing  moment  about  the  model 

reference  point,  in. -lb 

MNG  Total  yawing  moment  measured  by  balance 

(including  static  tare  loads),  in. -lb 

MNST  Yawing  moment  static  tare,  in. -lb 

PHII  Indicated  sting  roll  angle,  deg 

P302-P2218  (not  inclusive)  Model  component  base  pressures, 
psfa  (Fig.  4) 

RALFI  Sting  pitch  indicator  instrument  reading,  counts 

RATD  Strain  gage  pendulum  angle  of  attack  instrument 

reading,  counts 

RPHI  Sting  roll  angle  instrument  reading,  counts 

1-6  Individual  balance  gage  loadings 

Base  Pressure  Corrections 

CABO  Orbiter  base  axial  force  coefficient,  body 

axes,  force/Q(SREF) 

CABLS  Left  SRB  base  axial  force  coefficient,  body 

axes,  force/Q(SREF) 

Right  SRB  base  axial  force  coefficient,  body 
axes,  force/Q(SREp) 
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CABT 
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Table  3.  Continued 


ET  base  axial  force  coefficient,  body  axes, 
force/Q(SREp) 

Orbiter  base  pitching-moment  coefficient,  body 
axes,  moment /Q Uppp) 

Orbiter  base  normal  force  coefficient,  body 
axes,  force/CMS^p) 

Left  SRB  base  yawing  moment  coefficient,  body 
axes,  moment/QfSppp)  (Jlppp) 

Right  SRB  base  yawing  moment  coefficient,  body 
axes,  moment/QfSppp)  (Jlppp) 

(not  inclusive)  Base  pressure  area  weighted 
coefficients 


Left  SRB  Coefficients 

Forebody  axial  force  coefficient,  body  axes, 
force/Q(SREF) 

Measured  axial  force  coefficient,  body  axes, 
force/Q (Sppp) 

Measured  rolling  moment  coefficient,  body  axes, 

moment/QfSpppJUppp) 

Forebody  pitching-moment  coefficient,  body  axes, 

momentAMSppp)  U^p) 

Forebody  normal  force  coefficient,  body  axes, 
force/Q  (S^) 

Forebody  side  force  coefficient,  body  axes, 
force/Q (Sppp) 

Forebody  yawing  moment  coefficient, 
moment/QfSppp)  (Z^) 

Measured  yawing  moment  coefficient, 
moment/Q  (Sppp)  Uppp) 

Right  SRB  Coefficients 

Forebody  axial  force  coefficient,  body  axes, 
force/Q (S^pp) 
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Table  3.  Continued 


CARS 

Measured  axial  force  coefficient,  body  axes, 
force/QCS^p) 

CBLRS 

Measured  rolling  moment  coefficient,  body  axes, 
moment/Q(SREp) U^p) 

CLMFRS 

Forebody  pitching-moment  coefficient,  body  axes 
moment/Q(SREF)  U^p) 

CNFRS 

Forebody  normal  force  coefficient,  body  axes, 
force/Q  (S^) 

CYFRS 

Forebody  side  force  coefficient,  body  axes, 
force/Q(SREp) 

CYNFRS 

Forebody  yawing  moment  coefficient, 
momentAMS^p)  p) 

CYNRS 

Measured  yawing  moment  coefficient, 

moment/QtSppp)  (i^p) 

External  Tank  + (SRBL  + SRBP)  Coefficients 


CAFTS 

Forebody  and  force  coefficient,  body  axes, 
force/Q (Sppp) 

CATS 

Measured  axial  force  coefficient,  body  axes, 
force/Q (Sppp) 

CBLFTS 

Measured  rolling  moment  coefficient,  body  axes, 
moment/Q (Sppp) Uppp) 

CLMTS 

Forebody  pitching-moment  coefficient,  body  axes 
moment/QOppp)  p) 

CNFTS 

Forebody  normal  force  coefficient,  body  axes, 
force/Q (Sppp) 

CYFTS 

Forebody  side  force  coefficient,  body  axes, 
force/Q  (S^) 

CYNFTS 

Forebody  yawing  moment  coefficient, 
moment/Q  (Sppp)  Uppp) 

CYNTS 

Measured  yawing  moment  coefficient, 
moment/Q(SREp)  (^p) 
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Table  3 . Continued 


External  Tank  Coefficients 


CAFT 

Forebody  axial  force  coefficient,  body  axes, 
force/Q (Spgp) 

CBLFT 

Forebody  rolling  moment  coefficient,  body  axes, 
moment/Q(SREF)  U^) 

CLMFT 

Forebody  pitching-moment  coefficient,  body  axes 

moment/QtS^)  ^ref* 

CNFT 

Forebody  normal  force  coefficient,  body  axes, 
force/Q (Sppp) 

CYFT 

Forebody  side  force  coefficient,  body  axes, 
force/Q (Sppp) 

CYNFT 

Forebody  yawing  moment  coefficient, 
moment/QfSppp)  (^p) 

Launch  Vehicle  Coefficients 


CAFL 

Forebody  axial  force  coefficient,  body  axes, 
force/Q  (S^p) 

CAL 

Measured  axial  force  coefficient,  body  axes, 
force/Q (Sppp) 

CBLFL 

Forebody  rolling  moment  coefficient,  body  axes, 
moment /Q (Sppp) (2-ppp) 

CLMFL 

Forebody  pitching-moment  coefficient,  body  axes 
moment/QfSppp) (£REp) 

CNFL 

Forebody  normal  force  coefficient,  body  axes, 
force/Q  (S^p) 

CNL 

Measured  normal  force  coefficient,  body  axes, 
force/Q (Sppp) 

CYFL 

Forebody  side  force  coefficient,  body  axes, 
force/Q (Sppp) 

CYNFL 

Forebody  yawing  moment  coefficient, 
momentAMSppp)  U^p) 

CYNL 

Measured  yawing  moment  coefficient, 
moment/Q  (Sppp)  U^p) 

Table  3.  Concluded 


Orbiter  Coefficients 


CAFO 

Orbiter  axial  force  coefficient,  body  axes, 
force/QCS^p) 

CBLFO 

Measured  rolling  moment  coefficient,  body  axes, 
moment/Q  (Sj^p)  (2-j^p) 

CLMFO 

Forebody  pitching-moment  coefficient,  body  axes, 
moment/Q ( s REF ) ( ^ 

CNFO 

Forebody  normal  force  coefficient,  body  axes, 
force/Q(SREF) 

CYFO 

Forebody  side  force  coefficient,  body  axes, 

force/QfSppp) 

CYNFO 

Forebody  yawing  moment  coefficient, 
moment/Q  ( ) ( SL  p-p-p ) 

Vertical  Tail  Coefficients 

CBV 

Bending  moment  coefficient,  moment/Q (Sppp) 

CSV 

Side  force  coefficient,  force/Q (Sppp) 

CTV 

Torsional  moment  coefficient,  moment/Q  (Sppp)  (®-pgp 

Wing  Coefficients 

CBW 

Bending  moment  coefficient  of  the  wing, 
moment/Q  (S^p)  b 

CNW 

Normal  force  coefficient  of  the  wing, 
force/Q (Sppp) 

CTW 

Torsional  moment  coefficient  of  the  wing, 
moment/Q (Sppp) c 

Elevon  Coefficients 

CHE  I 

Inboard  elevon  hinge  moment  coefficient, 
moment/Q (Sppp) ( H REF ) 

CHEO 

Outboard  elevon  hinge  moment  coefficient, 
moment/Q (Sppp) (*REp) 

